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BLOOD AND EOTERSTfilAL FLUD SAMPLING DEVSS 

Field of tte hvefflica 

The presest indention relates to devices and meafccds fox obtaining 
sashes of bbmd ami other fluids from ibe body for analysis or processing. 
3 Bgctowtaidl of the invention 

Many t&edScsl procodBSS in use today require a relatively small sample 
of blood, to the rcage of 5 - 50 II is mme cost effective and less traumatic 
to patient to dbtain such a sarap!e by lasting <u piercing the skin at a 
selected location, such as the finger, to encbk the collection of 1 or 2 drops of 

10 blood, ohan by using a phlebtBcjmst to drro a tube of votous bleed. With the 
advent of borne use tests such as self monitoring of Wood glucose, there is a 
requirement for a simple procedure which can be performed in ny setting by a 
person needing to test 

Unsets in conventional use generally have a rigid body and a sterile 

IS needle t&hicb potrodss from coe end. The lancet may be used to pierce the 
skin, thereby enabling dee collection of a blood sample from the opening 
crested The blood is transferred to a test device or collection device. Blood is 
most commonly taken from the fingertips, where tb supply is generally 
excellent However, the nerve densty is tbis regioa causes significant pain ia 

20 many patients. Sampling of altemsle site, scth as enriches and limb*, is 

sometimes pimioed to szess sites which are less sensitive. These sites are also 
less likely to provide excellent blood samples snd make blood transfer directly 
to test devices difficult 

Repeated tenting in limited scrfee aseas (sscfe as fiagertijs) resalts in 

25 eallous formation. This leads to increased difficulty in drawing blood and 
increased pain. 

To reduce Ik anxiety of piercing the skin and the associated pain, many 
spring loa&d devices tore bsea developed The following two patents are 
representative of the<Jevices tthich erae developed to the 15805 for nse emb 
30 home diagnostic test products. J 
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US. Fuent Na 4,S03£56, Cornell et aL, descries a spring touted lant 
injector. Thei?usaMe device imcrfaccs with a disposable lancet. Tbebncel 
bolder may be latched m a unacted position. When the user contacts a release, 
a spring causes die lancet to pierce the steal high speed and then retract The 

5 speed is important to reduce the pain associaed with the ptmcmre. 

US. ttoa Na Levis et aU descAes a blood sampling 

instrument. This device, which is also spring loaded, osesasondatdfisposaWc 
lancet The design enables easy and accmaxe positioning against a fmgertip so 
the impact site can be readily determined After the lancet pierces the skin, a 

10 bounce back spring retracts the lancet to a safe position within the device. 

In institutional settings, it is often desirable to collect the sample from 
the patient and then introduce the sample to a test device in a controBed fashion. 
Some blood glucose monitoring syswns, for example, require that the blood 
sanjte be applied to a test devk* which ^ 1" 

15 such situations, bringing the finger of a patient directly to the test device poses 
some risk of contamination from blood of a previous patient. With such 
systems, particularly in hospital settings, it s common to lance a patient, collect 
a sample in a rmcropipette via capillary action and then deliver the sample from 
the pipette to the test device. 

20 US. Paem fa 4,9209^ Hayn^ 

with lancet alul.rnkrocoOection tube. This device incorporates a bncei and 
collection container in a single device. The taring aid collecting we two 
separate activities, but the device is a convenient single dkposaWe anil for 
sftmtfiniK wto smt^g collection prionousc is desirable. Similar devices ait 

25 disclosed in Samne. US. Pat No. 43WH6, and O'Brien. US. Pat fa 
4J249J79. 

US. Patent Nos. 4,850973 and 4 fi&fln Jordan et aU tisclosea 
combination device which may be alieniaiwdi u a syringe-iype hgccsifm 
device and a fencing device with disposable solid needk lancet, depesAig on 
30 configuration. 


U-S. fosm No. Laagg et eL fesm^aWt^ toaadsvice 

for isiifotering Mood for diagnostic purposes. This mveatiea osss a 
rotary/sliding transmission sys^st to seckos tfts poia cf bftcing. Theponatme 
dep& is easily and pearly adpmable by the user. 

4.654,513 and Dsbitesbi el aL, US. Pasaa Na 5320^ dl &scrite fliction- 

type Mood sanpiea. These devices &veiop section tettreen tte facing site 

and the end cf the device when tite Isstcet bdtfiag Bascb^isa withdraws after 

piercing the skin. A flexible gasket crand the end of the device hs^seal Iks 
10 end arand the pmct&e site untQ srfequae sample is dratsn from the panctwe 

site or the user polls bade on the device. 

US. fet Na 4,637,403. Garcia a aL and U.S. PaL No. 5,217,480. Hater 

et aL (fedose combination lancing aid hbod coUectk» devices which use a 

diaphragm to create a vacuum over the aotntd site. 
IS International Application Publicaiioa Number WO 95/10223. Erickson ci 

al, describes a measis of collectiflg and rosasoriDi body fluids. Hits system uses 

a disposable lancing and suction device with a s^kt member which compresses 

the skin around the lance/needle. 

Single use devices have also been developed for single use tests. Le. 
20 home cholesterol testing, and for ifmmmonal us to eliminate crass-patient 

contamination multi-patient use. Cmssman et al, U.S. PaL No. 4JB&249. and 

Sttiercxek, US. PaL No. 5,402,798, also disclose disposable, single ose lancing 

devices. 

Even with fog many iraproveraeats which have bsea made, the pain 
25 assodaied with lancing remains a significant ism for msiy p&ients. The need 

for Weed sampling and the fear of tits associated pain is ako a major obstacle 

for the millions of diagnosed diabetics, who do not adequately mom tor their 

Mood glucose && to the pain involved. Moreover, Usaciag to obtain a blood 

saiEple for other dj agrs cac applications is becoming more commonplace, and a 
30 less painful minimally invasive device is needed to estoce those application 

and make those technologies rctcre acceptable. 
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Ad object of the present invention is to provide a device and a method 
for obtaining a sample of bodily fluid through the skin which is virtually pain 
free and minimally invasive. 

Another object of this invention is to provide a method which can result 

S in a sample of either blood or interstitial fluid, depending on the sample site and 
the penetration depth utilized. While there ire no commercially available 
devices utilizing interstitial fluid (ISF) at this time, there are active efforts to 
establish the correlation of anatytes, such as glucose, in BF compared to whole 
Mood. If ISF could be readily obtained and correlation is established, ISF may 

10 be preferable as a sample since there is no interference of red blood cells or 
hematocrit adjustment required. 

Another object of this invention is to provide a method which can draw a 
small but adjustable sample, Le. 3 uL for one test device and 8 uL for another 
test device, as appropriate. 

IS Another object of this invention is to provide a method by which the 

drawn sample is collected and may be easily presented to a testing device, 
regardless of the locatioo of the sampk site on trie body. This approach helps 
with infection control in that multiple patients are not brought in contact with a 
single test instrument; only the sampling device with a disposable patient- 

20 contact portion is brought to the test rostrument Alternatively, the disposable 
portion of a test device may be physically counted with the sampler so the 
sample can be brought' directly into the test device during sampling. The test 
device may then be read in a test instrument if appropriate or the testing system 
can be integrated into the sampler and die lest devke can provide direct results 

25 displayed for the patient 

It is a further object of the invention is to provide a device for nominally 
invasive sampling comprising a reusable sampler and disposable sample 
collection. 

Summary of the Invention 
30 In one aspect, the present invention rehtes to a device which uses 

mechanical motion to pierce the skin, and a mechanical kneading or oscillation 


to petto a sas$e of flacd from the tody and nay erapJoy a beck pressure or 
vacatsm co collect a small fluid sample into rtts device. More specifically, the 
pjgsegn inaction comprises & reoaWe sampling <fevice sad a disposable 
piercwgfeofleaing apparaws. Tts device ©ay also employ a teck pressure, 

S capillary or vaasra to collect a small Outd samj& imo ties pievctagfcoDecmag 
apparatus thai may to be discharged to deliver toe collected ample to a tea 
devene or mher appropriate vessel The system may alternately be used to 
deliver the sample to so integral disposable test device, without collecting and 
separately dispensing the body fluid sample. 

10 A method aspect of. this invention involves piercing cfthes&aata rapid 

rate (to miaimtee painX with a needle (which minimizes the trauma and 
pressure-assccizied pain response which occur with a traditional lancet). The 
skin b kept taut during the lancing to allow acetate and sepsatable penetration 
of the needle into the skin. After piercing the &n. the oeedte is withdrawn 

IS from the wesnd and the surrounding area kneaded by ultrasonic action, 

piezoelectric or mechanical oscillation or squeegee motion to stimulate the blood 
...... flop, into and from the woand. Additionally heal, electrical potential or friction 

can be used to stimulate additional flow of the body fluid. This fluid or Mood 
flow can also be stimulated by ultrasonic vibration of the skia surrounding the 

20 wound, la an alternate embodiment to suraulzie blood (low, the needle remains 
in the wound for a period of tints, with either slow mechanical vibration or 
rosrion of the needle, ultrasonic or piezoelectric oscillation of the needle, to 
keep the wound open to blood to pool After the area has been stimulated and 
the blood wells up in the w*mn& a capillary, syringe or pamping system is used 

23 to draw microliter samples from the patient. Suction is applied to the needle <fr 
the suction tube through either peristalsis, convection (fetation of heat to a 
capillary tube) or by the piston of a snail minusyringe. The piston is palled 
back into the sampler fevice with spring action, generating a vacuum in the 
tend of the mkrosyringe sod quickly drawing fluid from the body through the 

30 needle or the suction oabe imo the barrel to raamaliae the pressure differential. 
The piston or suction device ten can be reversed to dispense the collected 
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sample. The system can also tse a capillary tube which is used to taw the 
sample after it has been coUeaed (Hi the skin surface. The capQbzy tube can 
then dispense the sample to a desired test or analysis device by applying 
pressure through the tube or shnply contacting the end of the tube and the 

5 sample with a surface or materia) that has sufficient affinity for the fluid to pull 
die sample from the tube. 

The above method and system may be used on varans .pans of the body. 
It is pankulariy appropriate for use oo sites other than the fingertips. Although 
fingertips provide good blood flow, the high density of pain receptors provide 

10 far easy access to blood but maximum pain in samping. The method of this 
invention actively draws a sample from the body, enabling the use of sampling 
sires on the body which arc inadcquaie for tradAkHial bnctng. Since the method 
can also provide a mechanism for the easy transfer of the sample, the difRcohy 
of bringing the sample to a ost device is riiminattd. An important benefit of 

IS . this system is that the use of alternate sites on the body reduces (he 

accompanying pain sensation and encourages more frequent use as needed. 

Wink the method may be readily used to obtain a blood sample in a 
minimally invasive fashion, a sample of interstitial fluid may similarly be 
obtained, generally utilizing a less deep puncture in sites with lower blood flow. 

20 This will become more important as tests are developed which can utilize ISF 
samples, which nay be preferred compared to blood. 

This invention provides a device and method for lancing a patient and 
virtually simultaneously producing and collecting the fluid sample, which may 
be transferred to a test device. A preferred device of the present invention 

25 comprises a blood collection system including a lancing needle, drive 

mechanism, kneading or vibration mechanism and optional suction system and 
sample ejection mechanism. The device b preferably sized to be hand-held in 
one hand and operable whh one hand. The device can optionally contain 
integral testing or analysis component for receivmg the sample and providing 

30 testing or analysts indication or readout for the user. 


The bsxiog needle od firing meriifflisffl desigesd to create a wound 
which will btih provide an adequate sampie but which wiB still close and heal 
qskttty. Wouad bailing is 39 especially important consideration for diabeaic 
gEiieffls who oftea have compromised arcufeicjy systems and slow healing 
S pmsesses. The wound must have a geomeiry whrch allows for a nromeatary 
3&oe in wfckb blood can fill, t&ing into account the elasak mm of tSs sEstn 
ttees. Careful consideration mast be given to these geometries or tfce dermis 
will seal around ths lancing ceedk tip. precluding the drawing of a sample 
through the rip. In a preferred embodiment a needle is used to combiRateon 

10 with a flexible collar and cater tube to spread the wound so blood can pool 
Alternatively -a multiple eeedk lancing device can be used to generate a wound 
which disrupts muttipie capillary areas to quickry provide large sample size, but 
the smaller multiple wounds, can heal more easily. 

In m alternate embodiment, the needle/lance is withdrawn from the 

IS wound, am) the area surrounding the wound is massaged or stimulated to 
prevetti h from closing ad to promote the flow of body fluids and or Wood to 
the wound aad to the surface of the stun. 

Devices according to this invention create a kutctng motion which cuts 
into the small but plentiful capillaries in the superficial vascular ptexus under 

3) the epidermis. This vascularized region starts at a depft of 0J - 0.6 mm from 
the surface of the sfcin in many accessible areas throughout the body (forearm. 
thi^L jftdoraen, palm). Bleed is m pkotiful aippiy in this region of the stdn, 
and healing of ssjbI) wounds is ooi problematic However, bringing a stable 
drop of blood to the seafoe is more problematic than with a fmger stick A 

25 fiagsr sick is typically messaged to increase momeKtery bleed flow. This 
invention provides a system for mechanically rasssagiog a lasce site at caber 
body locations by several differed! appn&ches, including oscillating an annular 
ring surrounding die wound to pump the blood surrounding the woaml into the 
wound for extraction by a needle or capillary tube or oscillating peddles or other 

30 members adjacent the woand to achieve the deared blood flow. Punter, 
bringing a drop of blood from the stein in otter regions of the body, e^ the 
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thigh* to a snail area on a test device is very difficult Anakemtte 
etribodiment of the present invention worts with the wedlc remaining in the 
wound and (he needle being n*chankal)y manipulated to promote the formation 
of a simple of body fluid in the wound. 

S Thenecdkn^be vftotedm 

including » up and down motion, a side to side motion, a circutir motion, a 
rotation motion or any combination thereof. Has creates a momentary opening 
iii which the Wood can fill whik the device draws the Mood through the needle 
into the disposable sample collection chamber. The vibration of the needle may 

10 occur across a broad range, from 30 cy^ 1000 cycles per 

miimteormore. This slight vibration does not measurably increase the 
sensation felt by (he patient, particularly when a short duration time is used bet 
does markedly increase the sample volume which may be easily withdrawn from 
a given wound and (he rate at which the sample volume is produced from the 

IS wound. The oscillation can cause the needle to move up to 2 - 3 mm per cydc. 
The optimal needle oscillation is less than 13 mm, with about 0J mm preferred 
based on current investigations. Oscillating or rotating the needle from 30 
cycles per minute up to 1000 cycles per minute or more holds the wound open 
and prevents it from closing and stopping sample collection and provides sample 

20 collection in a shorter amount of time. 

Lancing conventionally occurs at a 90 degree angle (perpendicular) to the 
skin surface. However, we have found that the lancing member may puncture 
significantly nm capflbries if tta lancmg 6 ptf At a too 

shallow angk do significant depth of penetration is achieved. Lancing a! an 

25 incidaa.nik of IS • 90 depees to te wte of the skin is BflcaiM. wi* 
shallower angles producing greater blood flow. 

The device and system of this invention can further enhance blood flow 
by massaging the site prior to taring, as well as massaging the area adjacent 
the lancing cite while the lancing member fa in the wound and after it fa 

30 removed from the wound, as well as during sample colteciion, as described 


atorc. Alters methods caa^ a wips^ 

can apply beat to the s&in to increase the Mood flow to the sampling ate. 

la anafe alternate ccafiguraioa, fee tang nesdle my be withdraw 
very slightly from tte point of maaimain penetration to create an opening in 

5 cbkh blood csn {tool before being ssctnutsd through the device. This can be 
socoraplishsd t^lsb a doable stop system cAkb suqs (he itsedle at ma&nmim 
pate&stion then stop the reason of the needle a partial but not foil 
retraction. Tte area sarrcaadiag the exraad can be treated or massaged by 
opsoaal nm&k ©embers mechanical to simulate Uood flow to the wound and 

10 increase the sasaple size and the rate of protection of the sample. The 

mechanical motion can displace the area snrand the tsrand from 0X6 to 8 mm. 
tnth I - 5 mm being preferred based on cunem mvesigatioas. Awiperdevke 
can be used is the aspect which robs the skin to increase the blood flow to the 
wound by stimulating the capillaries. 

1$ The mechanical simulation of the errand can be sccomplisfced by 

differem msthcds or motions end members. An ansular ring or other polygon 
or Wafecrps^ members may be osctf^ ^ . 

piezc&tectrtc, ultrasonic, soleeoid/cofl. motor aid cam or other methods apparent 
to m skilled in the #t Mechanical csrillaion in the range of 2 to 1000 

20 cyds per minute may be emptoyed. with 10 to 4$) cycles being preferred. 
Ultrasonic vibration has been effective at a frequency as high as 40 kHz. 
Al&na&ty, the device may employ a bterfe or sqseegee type of snmtitaor 
which kitsads the site with tsorsomal or a combination of horizontal am! vertical 
action and promotes bkmd flow to the rcoemL Thestsseegeeaaysctonthe 

25 ffccral area 2 to 200 times per eremite, triih 60 times per minute preferred based 
on Cffliea investigations. Additionally, the needle my be vibrated 
-uttrasomcaHy, with or withmst the kneading or massaging action sdjaoent the 
coand. Tbe atasorac vibrato can eover the range of nhrasonic frequencies 
departing on the sampling area and whether the needie cj the saraulafon 

30 device h being sctivssed. 

j 
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b anther spect of this innremm 
rauUkhambetedorn^^ 
chamba coosans the Uncing nnite 
iccei^ tbe Uood or fluid exi^ 
5 disposable can be made from my suitable material, and installed in the sampler 
so that it is positioned in the appropriate position relative to the mod created 
topennhconecttonofthesample. The toeing device is driven imo the skin 
airi withdrawn 

After withdrawal of the lancing member, the stimnhaor ring or other polygon 
10 shape is oscillated by one of ttev^^ 

capillaries adjacent to the wound. The sampEng device of this aspect of the 
invention has stop mechanisms to limit the penetration of the lancing member 
and sample duration system which sets the time of the sample wlfcction. The 
hucing guide chattier can be formed a variety of ways and one skilled in the 
IS an can reconfigure h to create alternate embodiments. 

In another aspect similar to the above, the lancing member can be 
contained within a single capillary tube and adapted to extend from the end of 
the tube to create the wound. The lancing member then retracts a sufficient 
distance inside the capillary to allow the toned sample to be collection in the 
20 end of the same capillary tube in the space below the retracted I ancing member. 
In such an embodiment the lancing member can be vibrated in foe wound before 
retraction, also as described above. 

To achieve the sample collection after withdrawing the needle, a 
stimulator rwg can he used to pump the sample fiom the sunoumfag capfllaries 
25 through the wound opening. The stinwlator ring is designed to keep ihe to 
taut to allow better penetration of the skin during lancing and help keep the 
wound open during pumping. IcanbcosaTlatedappropriaely totnsuit that 
enough sample is pumped from the local capillaries. The time or number of 
cycles varies by uxfivkiual and location being sampled. To achieve a variable 
30 sample time either of the following methods may be used. A sensor can be 
built into the sampler which senses the Mood in the collection chamber or 
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device, ^to en cfeqoase teeel (tfhicfi Bey be editable) is reached, 
tbe ffffN^fla mectausa is tareed off. A ssmtd mated is to have a patieot 
defio&fe iapa which sets the das dsrstkm for the tester the number of cycles 
to the stiBHitenon dog. Additional aiaaatar bhUojds can be employed to 

5 promote the eststsiioa of bodily fteids. These iactetfe sinusoidal motion, 
wobbling, Intending or peristaltic rccfto. Anafcesnne simulator device can be 
designed with m mm and cater nag tfhkh will dtersate ©eating a peristaltic 
pumpiqg rootara on She eapill&ies smrouading the wcand. Amtiher alternate 
stino&to? devece uses a spiral sgnaf te caa be cmnpiesed fla to emulate 

10 nmltipSe paraping rings. As will be apparent, varioa* congestions of multiple 
stimulator rings, psddbs, or ciber membss, used in various rhythms and orders 
of movement cm be employed in tbe present invention. Tiz stimulzior nag or 
member can bs heaed in cider to ten the sWo to increase the capillary volume 
flow to and out of the wound. In zddtoa, the housing or case of the device or 

IS other component of the device can be beaed to provide heating of the skin, 
fa ancto aspect of the invention a difftsssd laser may be used to 
psBesroed to tbe superficial vasctthr plexus and a capillary tube may be used 10 
collect the sample, A lens may be used to diffuse the Iser so that h.does em 
create a large wcaitd or (fensge brge aies of skin std tissue. Aramtmora 

20 wcuad sise is important to eaaMe rapid hsaSing. The capillary collection tube 
can use a suction generate? to draw the simple up the tube and can also utilise 
an opticas! oinndator ring to pomp the blood from the adjacent capflfery beds. 

In aaofe aspca of fee ingestion &e tearing can be accomplished by a 
pate of a fluid trader high pressaire ash a a isqmd or a compressed gas. In 

25 ztiMxm fee eaapesss*!} gas cca be (feted, at 1oe# pressure, to the sfrin 
surface to massage She &ia before testing, daring lairing aadtor (hiring sample 
collection. Pulsing the compressed gas agsnst tte stin at desired pressures, 
psm& m& tavals, iacfedifig sequent patera seross the surface of the stun, 
can provide the fesfred stinntoioa of the Uood flow into and from the wonted. 

30 The pate of compressed used to perform the lasdag and opening of the 
wound casta a single p&lse or multiple poises, can be (Erected through a 
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capillary sample collection tube, and/or can be applied vertically to the skin 
surface or at an angle, is described above for other hoeing members, to achieve 
puncturing the maximum capillaries in the skin and provide the sample 
collection in a skat period of time. 

S Id another aspect of die invention an off meter test device is used with a 

simpler of this iaventioo to provide an integrated sampling and testing device. 
This device can be used by the patient to essentially simultaneously draw a 
sample and test for the presence or concentration of an analyte in a body fluid. 
Hie sample can be taken from an alternate location other than the fingertips 

1 0 with the device of this invention. To accomplish this it is critical to the test to 
provide a mechanism to stimulate the wound and or the surrounding area to 
provide an adequate sample for the test device This stimulation can be 
accomplished by manipulating die needle or the area of skin surrounding the 
wound as described above. A combination of the two methods can be employed 

15 to increase the volume and/or decrease the sampling time. The sample is 
iatroduccd directly into a test device or testing area rather than being collected 
and subsequently dispensed. 

b another aspect, this invention also provides a method of determining 
the correct sample size prior to transferring or testing. Different methods can be 

20 used to sense the volume and/or presence of the sample. One system uses two 
contacts to sense the presence and/or volume of a sample. The body fluid either 
is drawn up a tube or wells up on the surface of the skin where it creates a short 
between two contacts which signal that the proper sample has been drawn. An 
alternate system uses an LED and receiver. When the sample rises to the level 

25 where it Modes the LED from the recover die proper sample has been drawn. 
Other optically activated or contact activated systems can be used in this aspect 
of the invention. 

In another aspect, this invention also provides a method of making a unit 
with a disposable section to Emit btohazard crass contamination. 
30 b another aspect, this invention provides a bell shape capillary tube. 

Ite capillary tube wicks the sample up the tube until it reaches the transition of 
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the bulb, fits is thea &$3sssed to eqpsl As sample or a bsmm votes of 
tbessrapletoa&stedlGcagt^ Tte 
tell shape csa fee destgasd $& a cqes sad the saaiple is wicked tap the cone aad 
dispensed by reversing fes ecae asd e^ssUBag the ss^te by capillary actsoa 
S cato fe test device. 

In aa ataaate esnknfoaaal the device of das mverota Spaces tM 

transferred directly to a tot <fevice by qrplyrag the ted device to the drop. 
In antflfeer aspeg, this mvestion eta also tochfe aa ststo-tajectitm 

10 device. A preloaded Cop may fee pfeced imo fk bs?el. The trigger asd spring 
system can be.desigaed to deliver the sample from the syringe rafter than to 
collect a sample isato the syriage. (tee who is skilled ia fee art could readily 
reconfigure the eteehanism described to inject a sample. Moreover, the device 
may have dial fusctica of collecting a sa^rie Khilesinnibaneously or 

IS sequentially injecting a sample, steh caa he in repass to a test performed in 
fibs device on the sample collected. 
Brief Description of Dtbotibs ^ ^ 

Figure I shorn a device of this inveatioa haviag a doable nop 
roecteaiso. 

20 Figure 2A aid Hgure 23 ae cross section vieiss of a device of this 

iavention on the cocked ami the deployed position, respectively. 

figure 3 sho&s a loagiacdifial crass secttoa of a device according to (this 
iavention having a stirauksos' arsmber proximate to the lascet or needle 
figure 4 riwes the stimulator lasariCT positioned an the goa of the 
25 patient sJpseat &e sflnsnd sad tte kase. 

Figure 4A pTOVtdes a schematic layout of the skin flhxSrating where the 
soperficial vascular pleaas c^Bmes m pgtaave to the s&a's asrfece. 

figure 4B is a represesiatta of abroad, Ao^a tia cross sectioa, ^hkh 
fadfitate the foraEtioa off a small pool of Hood yet ensure thai the skin 
3) will folly coatraci axesed the wand following sampling to promote fceafiag. 
The relationship of the vcsnd, csadte end the superficial vascular plexus 
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capillaries is also illustrated. In (he embodiment shown tfae capillary is offset in 
the needle. 

figures 4C and 4D show alternative embodiments m which, to enhance 
sample coDectioo and minimize the wound size required, the needle may be 
5 vibrated mechanically in either an op and down motion as shown in Figure 4C 
or a ride to side as shown in figure 4D. 

figure 4E shows that the needle may be vibrated ulorasonicaOy with or 
without the kneading or massaging action. 

Figures 4F and 4G show that the area surrounding the wooixi can be 
10 kneaded by optional mechanical motion to stimulate blood flow to the wound 
and increase the sample size and the rate of protection of the sample. 

Figure 4H shows that, alternately, the device may employ a squeegee 
type of stimulator which kneads the site with horizontal or a combination of 
horizontal and vertical action and promotes blood flow to the wound. 
IS figure 41 shows an alternate embodiment in which needle is oscillated or 

rotated. 

Figures 5A and SB show front and side views of a replaceable needle 
with a spade tip design adapted for use in this invention, especially for a 
moving/rotating needle for holding a wound open during sample collection. 
20 Figures 6Aand6B illustrate a front and side view of a disposable needle 

that has an eccentric passageway for sample collection. The needle can have a 
luer lock type connection to the sample device of this invention. 

figure 7 shows a needle with a collar or sleeve to provide mechanical 
spreading of the wound during sample collection. 
25 Figures 8 A and 8B are longitudinal cross section views of a device with 

a multi-chambered capillary members accommodating a lancet or needle in one 
chamber and providing another chamber or conduit for sample collection. 

Figures 8C 8D and 8E are top view cross section views of two and three 
chamber capillary members. 
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Figare 9 A aod 98 sttosSfme a togMaal crass se&raa of a device 
baviag a KraW-dtemtoed capll^y dispose and psssfcJtic pasip lo cofleet a 

Figare 9C iOostvsses to cross seam an alternate ssicsbQ/st^dof&to 
5 cb^Kg^le dp containing ccatECfc far electsissliy seassag the prepense and/cu 
volume of body fhrid. 

Figure 10 illustrates in cross sectica a device with a ksss posstkmsd (o 
reflate throo^ the interior of ohe needle or c^rillary for piesong the s&in. 
Hgere 11 iOnstrates in kmgitodinal cross section in cross section a 
10 device of this tnveancn for as wWi a casibiraj ^ctratefloff chamber a 
pan of a disposable ample collection sysEsai 

Figsres I2A and 12B flhmr&e a longitudinal cross section and side view 
cross section of a device of this invention having and angled lancet or needle 
. end employing aa absorbent stop. 
IS Figures 13 and 14 show a loagftudinal cross section aid a ssde view 

cross section of a sampling device of the present invention with si integrated 
ccfcrisietric instrument test. 

..... A) 

Ftgsre IS draws a longitudinal cross section of ao sampling device of 
the present invention with an integrated electrochemical test 
20 Figares 16 and 17 show a longtafinal cross section and a side view 

cross section of a sampling device of the present invention with an integrated 
cotorimaric visual tea. 

Rgere IS shows an alternate device which has a completely disposable 
lower section to minimize bSood CQntaimnaticED between eses. 
25 Eigme 19A dtows the combination of a doal alternating stitsnlatioa ring 

Hgcre 193 &ow$ tte device with a telescoping ginralstor ring. 

Figures MA, 2QB and 2GC flhssarate a bell stops capfcytebestd 
Figure 2BD o straight cqcUsry tubs with a test strip. 
30 Figure 21 ilfcstrs&s a device of this invention with a ntember to oscillate 

the needle to stiraatese fteSd flow from the woani ' 
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Figure 22A shows a multiple needle teeing device, 
figure 22B shows a broader angle bacet 
figures 22C and 22D show a die cut steel which his smaD inabipie 
barbs famed in the sheet for use as a lance in the present invention. 
5 Description of the Invention 

figure 1 illustrates a minimally invasive sampling device according to 
the invention. The device is comprised of aunrrotu con^woems which will be 
more fully described below. The main body 1 supports (he vakms mechanical 
components boused within the device. 
10 The main body 1 comprises an elongated hollow cylindrical mbe with 

openings at both ends. The sampling needle 16 which is part of (he disposable 
3 which is capable of being retracted or deployed so that it can protrude beyond 
(be needle guard 17 is positioned at one end The arming and dispensing 
plunger 22 protrudes from the other end. The device has a needle guard 17 
15 which permits the loading of the disposable 3. Disposable i is attached to the 
syringe 13 and plunger 14 is released by the suction cam I. 

The syringe 13 h captivated to da drive system by syringe damp 12 *. 
which has the main tk rods 4 anchored to ii The man drive springs 11 are 
captivated between (he syringe clamp 12 and cross support 10 and die tie rods 4 
20 are threaded through them. 

The main tie rods 4 have the mam cams 9 attached to them and are 
supported by the activation trigger 2 prior to release. The secondary springs 21 
and secondary stops 20 provide a mechanism after activation to pull the needle 
back out of the wound to permit Mood accumobtkm. When the skin is pierced 
23 the secondary springs 20 retract the needle from the wound triggering (he 
suction cam I and plunger 14 is released The arming and dispensing plunger 
22 is a dual purpose device. When the patient pulls up, it preloads the drive 
springs 11. It is latched by ptisliiQg in on the vtivaticm trigger 2. 

The stop and adjustment tabs 19 control (he depth of penetration of the 
30 needle 16 so that (be optimal depth of penetration is reached for a particular 
sample site. The sample 15 is drawn from the patient when the device has been 


16- 


deployed by iele@ziQg(he ectivstEoa trigs* 2 and the msSk 116 has teen 
resected from (be pstseat 

The syaera gwcra in Figure 2A ssa3 20 is compriied of a reusable femel 
H and ggsctiaed medrosms gad a sterib dbposatfe O. Tte disposable O hss 

5 £9 ultra 5e2 gauge ceeifle S(S ^tsdi is imbsdi!sd in a csp mitil dt& devise is 
rea&dfouse. Figure 23 shows tte device in the deployed state with a 
sample in disposable O and figure 2A shows h oadeployed 

Main yoke 3 is held by aaivstion triggers 2 ffhich support the main us 
reds 4 sta tits system is tmdeptoyei lilts system is activased by releasingthe 

10 sctivatioo tri^efs 1 This refers the main cam 9 diicb causes the syringe to 
be deployed by the drive spring 11 which is captured betoeen the cross support 
DID and the syringe clamps 12. The needle 16 pierces the $Sn as a result of 
these actions and the peesiraitoa depth is controlled by sop 2?. When the 
suction cams 8 is released by the secondary trigger S. the suction spring 6 is 

IS released. This drives the suction yoke 1 up slowly due to (be damping action of 
the syringe plunger 14 so a bad pressure or vzcuuin is created m the syringe 
body. Sasqife. SS.u ^tsv^ly.diaon tmc^jbe syriag& 

The sample can be delivered easily and precisely to a test device or other 
container by pressing dotm era a brttoa on the top of the sampler. The 

20 disposable syringe 13 and needle 16 may be imbedded in the op in which it 
was shipped or placed into a Sharps container for safe disposal. 

To insure that arfeqnase sample sis is collected the needle 16 can be 
vibrated, oscQlaiad or rotated to beep the wound from ctosng. The disclosure 
of FpiesM.4C4D.4ML9, 12 and 13 dtow and dsscribe various 

25 alternative motions thai can be usd to cccosnplirii this. 

Aitofcr version of tins device is also capable of perfcnmQg as aa suto- 
isjection device. A peloeded tip may be pitted into the tenel The trigger 
and firing syfiem can die designed to deliver the sample ton the syriage rasher 
than to collect a sample. One who is skilled in the an could readily reconfigure 

30 the mechanism described to inject a samjfe. 
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Figuit 3 illustrates a minimally invasive sampling device according to 
the invention. The device is comprised of nuneroos components which will be 
more fully described betow. The main body 1 supports the various mechanical 
components boused within the device. 

5 The main body 1 comprises an elongated boOow cylindrical tube with 

openings at both ends. The sampling needle 1( which a pan of the disposable 
3 which is capable of being retracted or deployed so thai it can protrude beyond 
the needle guard 17 b positioned ato«eri Tk aiming and dispensing 
plunger 22 protrudes from the other end. The device has a needle guard 17 

10 which can be slid up and down main body 1 by the patient to permit the loading 
of the disposable 3. Disposable 3 is attached to the syringe 13 by the tip 
adapter IS. The internal pans of the syringe 13 are the plunger 14 which is 
activated by the suction spring 6 and the suction yoke 7. The plunger is 
released when the suction cam 8 is released by the secondary trigger 5. 

15 The syringe 13 is captivated to the drive system by syringe clamp 12 

which has the main tie rods 4 anchored to it The main drive springs 11 art 
captivated between the syringe damp 12 and cross support 10 and the tie rods 4, 
are threaded through them. 

The main tie rods 4 have the main cams 9 attached to thero and ait 

20 supported by the activation trigger 2A prior to release. The secondary springs 
21 and secondary stops 20 provide a mechanism after activation to pun the 
needle back out of the wound to permit Mood accumulation. When the skin is 
pierced the secondary springs retract the needle bom the wound and initiate the 
s^imtiiatton ring 25 oscillaiu» sy^em 26 and 27 to foree Hood flow to the 

25 wound. The arming and dispensing plunger 22 is a dual purpose device. When 
the patient polls up, it preloads the drive springs 11. It is latched by pushing in 
on the activation trigger 2A. 

The stop ami adjustment tabs 19 control the depth of penetration of the 
needle 16 so that the optimal depth of penetration is readied for a particular 

30 sample site. The stimulator ring can be deployed during lancing to keep the 
skin taut, thus allowing more accurate and repeatable penetration of the skut 


Tte ssmple US is drssm from the gstieat wfcsa fee devEce ks bsea deployed by 
releasing fc activation trigger 2 and 6e oesdte U to been retracted from the 

Rgaje 4 iltesmses tits refeticasSup of tits ttsedte 1$, wound 2®9 ami 
S oimnhtian ring 2§. The defedl oieas of the sfcin are shown for clority. The 
stimntetor ring 25 is taed to pump tfee csnpte of body fluid 611 mto wound area 

A singular stimulation ris$ S is dm^o m ihb Qhasra&ioo. Hoover, 
multiple telescoping rings may be employed to enhance the Wood transport 
The stimulation nag caa also be formed to with a series of notches to 
10 permit the resupply of body fluid to the cajritaies when the stimulation ring 2§ 
is reamed from the wound site 3P. 

In an alternaxe embodiments the stimulation ring is heated or a secondary 
motion added to act as a wiper to enhance the flow of body fluid to the wound 
188. Other members can be used instead of a ring to provide the stimulation 
IS desired. 

Figures 4G 4D and 4E illustrate thai the needle may be vibrated in the 
desired nation. This creaks a momaatary opening in which the .Mood can fiD 
while the devite draws the Weed through the needle into the disposable sample 
collection chamber. The vibration of the needle may cour zooss a brcsd 

2D raage,from 30 cycles per mmuteup to 1000 cycles per minute or more. This 
slight vibration does am measurably increase the sensation fett by the patient 
but (tees markedly increase the sample volume which may be easily withdrawn 
bom a given wound and the rate at which the sample volume is produced from 
the wound. The oblation cm csase the needle io move up to 2 - 3 mm per 

25 cycle. The optimal needle osrilkfea is less to li mm, ^ aboai Oi mm 
preferred ted oa current investigations. Lancing generally occurs at a 90 
degree angle (perpendicular) to fte sbn surface. However, the lancing member 
may puncture significamly more capillaries if the lancing is perforated oa a 
angle. At a very shallow angle, no significant depth of peneiratioa is achieved. 

30 Lancing at an incident angle of 15 -SO degrees to the surface of the sMa b 
effective, with shallower ^igles producing greater blood Bow. The ultrasonic 
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vibration an cover the nmgc of ultrasonic frequency depewfing on the sampling 
area aid whether the needle or the stimulation device is being activated. 

Figures 4F and 4G show massaging or kneading the area sunooofing the 
wound. The mechanical motion can displace the area around the wound from 
5 0.05 to 8 mm. with I - 5 mm being preferred based on current investigations. 
Figure 4G stows a wiper device which rebs the skin to increase the blood flow 
to the wound by soraulaang the capillaries. This action can also be dojte by 
the patient by nibbing the area to increase the blood flow to the sampling ate 
prior to taking a sample. The oscillaiion can be accomplished via piezoelectric 
10 ultrasonic, or by using a solenoiiycoil or a motor and cam. Mechanical 

oscillation in the range of 2 to lOOOcycksjwnunutenuybcanployed, vrirt 
' 20 to 200 cycles being preferred. Ultrasonic vibration ha been effective at a 
frequency as high as 40 kHz. Figure 4F shows an alternate embodiment in 
which the wound is mechanically stimulated such as by an annular ring which 
IS may be oscillated. 

Figure 4H shows massaging with a squeegee type of stimulator. Such a 
squeegee jnay act on the wound area 2 to 200 times per minute, with 60 limes 
per minute being preferred. 

Figure 41 shows rotating or oscillating the needle from 30 cycles per 
20 minute up to 1000 cycles per minute or more. This holds the wound open and 
prevents it from dosing and stop^ sample cdlection. This embodiment can 
employ the needles disclosed herein in Figures 4B, 5A, 5B, 6A and 6B> 
conventional needles or round or flat lancets. 

figures 5A and 5B show a spade tip needle/lance profile which is used 
25 by the invention to create a void area in the wound. Figures 5 A and 5B show 
one needle profile which is useful in implementing this embodiment The spade 
end helps create a void area when it is rotated in the small wound. 

Figures dA and 6B show an asymmetric needle design to create a wound 
which can enhance capillary Mood collection. Needle 16 is molded to form 
30 disposable! Another aspect of the invention is the provision ofancasily 
replaceable lancing tip (Figure 6A and 6B). Tte tip must attach to the device 
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simply to farilhaie she avrilaMlrty of a fresh, sterib eeedk to each sample 
draw. A wife range of teacst or esedle goages may be used for the tip. 
Current investigations dtow shat 10 through 32 gauge s scceptable fading 
<m tbe sampling losatctm. Tte entire device ©sy afeo be designed as a single 

5 use device. In this canfigairaitm, the device oould be preceded ami smald 
only grigger std dispees once. A ne^ device with a aerite lip maid be thus 
used for each sample drawn. It will be cppsent that an ataiste disposable can 
be castrated from a needle end flesiHe tobe. Tk tabs acts as a reservoir for 
the sample as h is drawn by the oppfed vacuum. Aitoaber capillary type 

10 disposable is shown ia figure 31. Be bell type disposable ases capillary action 
to crick the sample up the tube until it reaches fee bulb or vscoum created by 
depressing the bulb. The sample is dispensed by collapsing the bulb. Anyone 
skilled ia the art would be able to readily reconfigure the design presented 
herein to be a single use device. 

15 Figure 7 illustrates fceese of a needle 16with a flexible coliarSS 

and stimulator ring 2S to hold the wound open during the extraction of the body 
fluid ample. The collar 225 is affixed to the ceedle amlaasasastopandasa 
means of spreading the vrouad. This provides a means of testing the eramd 
open during sampling.' The collar IS can be fa&toned in vsricus 

20 configurations to achieve the same results by one skilled ia the art 

Figure 8A shows the lancing member is part of a multi-chambered 
capillary disposable, figure 8B provides an exploded view of the end of tte 
device showing Ike rebtica ship of lancet 20, disposable 33 and lancet guide- 
rite 35. Ite multkhambered c&pifl&y dispoeble can be made from any 

25 suitable material, figures 8C,© and 8E stare various alternatives of this 
embodiment Qae skilled in the eft ccald readily reconfigure a disposable 
which maid be equal to this invention. 

The lancet 23 creates the roand and is guided by guide tube 3S. The 
sample is drawn up the sample collection tube/disposable 33. The complete 

30 device can either be fa&HRted as one stngb disposable c? multiple components. 

i 
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figures 9A illustrates a minimally invasive sampling device acc or ding to 
the invention using tbe alternate opiHary disposable Uood coikcthn device 
Hguie IA which is disposable 11 The device is comprised of numerous 
components winch will be more fully described below. The main body 1 
5 supports the various mechanical components boused within tbe device. figure 
9B shows the cutout to allow amimnricatim of Mood to (he sample collection 
tube. 

Tbe main body 1 comprises of an elongated hollow cylindrical tube with 
openings at both ends. The capillary sampling disposable with lancing member 

10 36, whkh is pan of disposable 33 and is capable of being retracted or deployed 
so thai it can protrude beyond the end of the main body i, is positioned at one 
end. Tbe among plunger assembly 36 protrudes from the other end The 
lancing member 30 is guarded by being withdrawn into tbe needle guide tube 35 
which is part of the (fisposabk 33. The needle guide tube 35 acts as the lancing 

15 guide and lancet guar! The disposable 33 is anachedto the main body 1 so 
that it is positioned at the appropriate location to guide (he lancet and suction up 
. the blood. Tbe striker 39 is projected so as to drive tbe lancet into the patient 
41 by the spring 43 and tbe arming plunger assembly 36. The arming plunger 
is locked in place by a cam 45 and trigger 47. A donUe stop return spring 49 

20 is located and sized to return the lancet 30 back imo the disposable 33 needle 
guide tube 35. The needle guard 17 supports tbe main body 1 on patient 41. 

The double stop return springs 49 provide a mechanism after activation 
to poQ tbe needle back out of the wound to permit blood tl accumulation. 
When the skin is pierced the secondary springs 49 retract tbe needle from the 

25 wound and initiate the stimulation ring 25 oscillation system to force blood 
flow to the wound. Tbe stimulator ring can oscillate in the preferred range of 1 
to 5 mm. The frequency can vary from 5 to 1000 cydes per minute in tbe 
preferred embodiment. Tbe osollaboo of tbe stimulator ring 25 is driven by the 
coils 51 which oscillate the stimulator ring 25 to pomp the blood 61 from the 

30 surrounding capillaries in the skin into the wound. Each down stroke of the 
stimntoor ring 25 provides this pumping action. This pumping action can be 
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modified to iactode aaasocdal rcmion, ^sobbling, kneading or perissa&c mcdon 
nhicb rcifl enhance the blood flxmd to the wcand. 

A linkage 53 drives a periaattis rote system §5 aid iotas 57 Qg^iast 
the sacto tabs 59 causing btard tobe drawn op the suction tote §9 
S creating ite sample IS. 

The stop sad adjustment tabs 19 control the depih of psxtstratkm of the 
lancet SSsotbdfc optimal depth of penetration is ireachsd for a particular 
sample ate. 

In another aspect of ihis invemba, electric potential can be appfod 

10 moss (be skin to also stimulate Mood flow tothe wound, litis can be 

accomplished by having separate electrodes present ia the device to contact the 
skin and Oliver the electric coram at locations desired Or, the current can be 
delivered to the skin through components of the device, appropriately insulated 
intenally of course, such as the stimulator ring 25 and sample tube 59, or any 

IS other appropriate combination. In general, low voltage DC or AC current can 
aid in blood flow. The volta^, amperage and cycles (in the case of AO can be 
determined bygone skilled in the m, bit DC wiltage in the range of I miliivoh 
to 12 volts will be useful. Likewise, th2 duration of the applied current or the 
puking thereof can be selected as desired, ha particular example tube 33 in 

20 figure 9A or needle 16 in Figure 3 can be the negrnve electrode and ring 25 ia 
Figure 9A and figure 3 or guard 17 can be the positive electrode. 

Figure 9C illustrates a altercate suctkmfeand off chamber Hood 
collation device 72 which comprises of lance 2SX suction tube ». secondary 
tube whtcb guides the lance 39. secdosfetanddf chamber IBS, and contacts 107 

25 and 109. The suction cube §9 ts mou&ted in sixtion/stamtoff charter IIS so as 
to permit the suction tubs to be located off the wound to promote bleeding 
while the wound is stimulated. The contacts provide a rcesis of determining if 
the sample size is adequate. Contacts W arc osde what adequate volume of 
blood is peseat in the cap 105 and these are in comroumcaiion with contacts 

30 W which arc in communication with the electronic package of tbe sampler. 
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Once contacts 109 are made by ibc blood then the circuit is completed signaling 
the system 10 stop. 

figure 10 illustrates a minimally invasive sampling device acconfing to 
the invention using the alternate capillary disposable blood collection device and 
5 ttser 67 lancing mechanism. The device is comprised of numerous components 
which will be more fully described below. The main body lsuppom the 
various mechanical components housed within the device. 

The main body 1 is comprised or an elongaied hollow cylindrical tube 
with openings at both ends. The capillary sampling disposable with diffusing 
10 lens member « whfcb is pan 

main body 1. The firing switch 65 protrcdes from the other end. The capillary 
tube 59 acts as the laser guide and sample collection device. The disposable 33 
is attached to the main body 1 so that it is positioned at the appropriate location 
to directthe laser and to suction up the blood The laser €t is diffused by 
15 going through the lens and creates the wound in the patient. 

When the skin is pierced, the laser shuts down. TWs initiates die 
A . stimulation ring 25 oscillation system to face Wood How to the wound. The 
osriilation of the stimulator ring 25 is drivm by cmb SI whfcb oscBlate the 
stimulator ring 25 so as to pump the blood 61 fmm the sarrounfag cap 
20 in the skin into the wound. Each down stroke of the stimulator ring 2S piovite 
this pumping action. A linkage 53 drives a peristaltic roller system 55 and 
rollers 57 against the suction tube 59 causing Mood 61 to be Aawn up the 
suction tube 59 creating the sample 15. The oscillation of the stimulator ring 
caDhavearangeof0to8mmand preferably 1 to 5 mm. The frequency can 
25 also vay from 2 to 100 cycles per minute, 
to an alternative eirtodm^ 
means can be a liquid under high pressure or a canptessd gas p^ 
the laser. A prise of compressed gas, or multiple pulses, can be directed at the 
dun. In addition, the liquid under pressure or compressed gas pulses can be 
30 applied in the annuls space between ring 25 and housing 1 to massage and 
stimulate the skin to increase blood flow to the wound. 


•24* 


WD WEE) 


If is co be understood ta the vacuum employed in the varicas 
embodimems of this invention can be used with the capital? totes, such as S9 
infigare 10. as well as the needles of figures 4B. 5A and B. and 6A and B. 

Heme 11 illustrates a minimally mvasive sampling dsvfce according to 
S the invention using the alternate sactcoa/stsnd off chamber blood collection 
device 72 which is more fully described in flhisftdoa 9C The device is 
comprised of numerous components which wiB be more fully &scribed below. 
Use main body is I which supports the varioas mechanical components boused 
within the device. 

10 The main body I comprises of an elongated hollow cylindrical tube with 

openings at bed) ends. The suction/stand off chamber sampling disposable with 
lancing member 30 which is part of disposable 72 and is capable of being 
retracted or deployed so thai it can protrude beyond the end of the main body J 
positioned at one end. The arming eaWtriger 37 promzde from the sides of 

15 main body 1. The disposable 72 is attached to the main body 1 so that it is 
positioned at the appropriate location to guide the lancet and suction up the 
blood. The striker 39 is projected so as to drive the lancet into the patient 41 
by the spring^ and the arming plunger assembly 37. The arming plunger is 
lotted in place by a cam 4S and trigger 37. A double stop retain spring 49 is 

20 located and sized to return the lancet 39. 

In another aspect, the capillary sample collection tubes used in the 
various embodiments of this invention, such as 33 in figures 8A and 9A, §9 in 
figure 9C and 10 and in figures 20A-SJC, can be selected to have an 
affinity for the sample fluid greater (has the skiin so the fluid or blood will wide 

25 into the tube by capillary action. However, the capillary tabs is also selected to 
have less affinity for the sample fluid or blood «ta a test strip or test device 
surface of receiving port so that the sample fluid or blood win wick out of the 
capillary tube into or onto the test strip or device. Such materials for the 
capillary tube can easily be determined and sleeted by erne skilled in the art, 

30 but generally capillary tubes of oytoa, PTFE. ami the like generally fulfill this 
function. It will be recognized that the selection of such material for the 
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capillary tube must be made relative to ihe materials present in sad the physical 
construction the test strip or device, if this aspect of the present invention is to 
be utilized. 

The double stop return springs 49 provide i "-^haniim after activation 

5 to (mil the needle back out of the wound to permit blood 61 arrmrmfatimi 
When the skin is pierced, the secondary springs 4 J retract the needle from the 
wound and initiate the stimulation ring 25 oscillation system to force blood flow 
from the wound. Hie stimulator ring can oscillate in the prefentd range of I to 
5 mm. The frequency can vary from 5 to 1000 cycles per minute in the 

10 prefentd embodiment The oscillation of the stimulator ri^ 

motor SI which oscillate the stimulator ring 25 to pump the blood (1 in the 
surrounding skin capillaries from the wound so the blood can flow to the surface 
of the skinhead up, and contact the disposable 71 Each down stroke of the 
stimulator ring 25 provides this pumping action. The tfisposable 72 is then 

15 lowered onto the blood bead using a secondary motion spring 74 that is released 
by a secondary motion trigger 75, and suction of the blood initiated. The 
suction device 85 shown here is a mini syringe which is activated by spring 86 
when secondary motion trigger 75 is released causing Mood 61 to be drawn up 
the disposable 71 The stop and adjustment cap 19 controls the depth of 

20 penetration of the lancet 30 so that the optimal depth of penetration is reached 
for a particular sample she. 

Figures I2A and 12B illustrate a minimally invasive sampling device 
according to the invention using a disposable piercing apparatus, a reusable 
sampling device and a disposable absorbent test strip 83. Figure I2A shows the 

25 device in a side view and Figure I2B is a from view. The device is comprised 
of numerous components which will be more fully described below. The main 
body is 1 which supports the various mechanical components boused within the 
device. 

The main body 1 comprises of an elongated hollow cylindrical tube with 
30 openings at both ends. 11* lancing member 30 which is part of disposable 33 
is capable of being retracted or deployed so that it can protrude beyond the end 
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of tte main body 1 isposmooedatoseesi The arming tabs 31 pnnrude from 
tte sides of EE30 body L Tbe tarring rosmter 20 is guarded by teiag 
wtbdrafett into tte tote 3S which is pan of tte (Sispos^ble 33. TtetufceSSacas 
m tte tearing gur& sod lancet guanL He disposable 39 is attasted to the 

S ' moifi body 11 so thai it is positioned at the appopria&e location to gmrJe the 
taet and is held in ptece by the disposable damp 3. His striker 33 is 
projected so as to drive Ite lancet into the patent 41 by tte spring 43 and the 
arming plunga* assembly 35. Tte aiding plunger is lodged in place by a cam 
<H aid trigger 47. A double stop tetaro spring 49 is located and sized to return 

10 tte lancet 2D bacfe into tte tube 35. 

The doable ssop return springs 49 provide a mechanism after activation 
to pull die needle back out of the wound to permit Uood 61 accumulation. 
When the skin is pierced the secondary springs ® retrod the needle from the 
wound snd mitkae the stimulation ring 25 oscfltatkm system to fore blood 

IS flow to the womd. The earn SS oscillates tte oscillator ring 57 which transmits 
the motion to stimulation ring 25. The stimulate ring can oscillate iQ the 
preferred rsige of 1 to 5 mm. The frequency can vnty from 5 to ICOD cycles 
per minute in the preferred embodiment Ike oscillation of the stimulator ring 
25 b driven by the motor SI. The bettery 56 provides energy to run the motor 

30 §1 which osctOates tte stimulator ring 25 to pimp the blood $1 from the 
surrouading capillaries in (he stun into the wcsmL Esch down stroke of the 
stimulator ring 25 compresses the stimulator spring 53 which provides the return 
motion fox the ssmraksor ring 25. . The disposable chemical strip 83 is (hen 
lowered onto tte blood besd using s secondary motion spring 74ihats retegsed 

23 by a seconds? motion trigger 75. Hie Mood is absorbed by the disposable 
chemical strip S3 which fits into a slot in the msin toity 1 and tte sdmulssor 
ring 25. 

Tte gop and adjussmenl tabs 19 control tte depth of penetration of tte 
kneel 3D so that tte optimal depih of pectfratioo is reached for a particular 
S sample site. 

j 
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figures 13 and 14 illustrate ao integration of the nunimaBy iovsivt 
sampling device with a chemical tea measareooit, such as glucose, ard 
ekctrooic rtatkxn according to (he invention «sing a disposable piercing 
apparatus 33, a reusable sampling device 1. a disposable absorbent test strip 83, 

5 and a method of readout such as colorimemc test which is read decmmicaUy 
and has an ekctrooic readout system. Figure 13 shows the device to a side view 
and Figure 14 is a front view. The device is comprised of numerous 
components which will be more fully described below, lite main body is 1 
which supports the various mechanical and electrical components boused within 

10 the device. 

The main body 1 comprises of an elongated hollow cylindrical tube with 
openings at both ends. The lancing member 30 which is part of disposable 33 
is capable of being retracted or deployed so thai it can protrude beyond the end 
of the main body 1 is positioned at one end The arming tabs 37 protrude from 

IS (he sides of main body 1. Hie lancing member 30 is guarded by being 

withdrawn into the tube 35 which is part of the disposable 33. The tube 35 acts 
as the lancing guide and lancet guard. The disposable 33 is attached to die 
m»n body 1 so drat it ts pasiliooed at the appropriate location to guide the 
lancet and is held in place by the disposable damp 3. The striker 39 is 

20 projected so as to drive the lancet into the patient 41 by lis spring 43 and the 
arming plunger assembly 36.. The arming plunger is locked in place by a cam 
45 and trigger 47. A double stop return spring 49 is located and sized to return 
the lancet 30 back into the tube 35. 

The double stop return springs 49 provide a mechanism after activation 

25 to poll the needle back out of the wound to permit blood f 1 accumulation. 
When the skin is pierced the secoodary springs 49 retract the needle from the 
wound and initiate the stimulation ring 25 oscillation system to force blood 
flow to the wound. The cam 55 oscillates the oscillator ring 57 which transmits 
the motion to stironlitiot ring 25. The stimulator ring can oscillate in the 

30 preferred range of I to 5 mm. The frequency can vary from 5 to 1000 cydes 
per minute in the preferred embodiment. The oscillation of die stimulator ring 
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2S is driven by the mm SL The teaery $5 provides eaergy to ran the motor 
51 ^hicb csciltoes the saiEnuIator ring 2§ to pamp the blood 61 from th& 
surou&ffiag capillaries ia the shin iato the wmmd. E£chdotwstn&eofth& 
stirautar ring 25 compresses t&e stimulator spriag S3 which provides the return 

S section for the simulator riag 21 . Ike djspas&b chemical strip ©istbea 
lowered oato the blood tead using a secondary motion spriag 74 that is released 
by a secoadary motion trigge? TS, and suction of the blood initiated. The blood 
is aborted by fee disposable chemical srip 83 which has been raonufeaured ' 
into the disposable 33. Hfce ssrip is then read in (toe by a LED (3 

10 cotorimetric syaem and analyzed by ekctroaics which are pan of the device and 
displayed on display 84 

The step and adju$tat£ffl cabs 19 comrol the depth of penetration of the 
lancet 30 so thai the optimal dspft of paaimkmisieac^fcraf^cular 
sample ate. 

IS Figure IS iDiss&ates an integration of the mmimally invasive sampling 

device with a chemical tea measurement such as glucose, and electronic 
readmit seeding to the invention using a di^osabb piercing ^pararas 33, a 
reusable sampling device 1. a disposable absented test strip 83, and a method 
of redout such as a electrochemical tea which is rezd electronically and has an 

20 electronic readout syaem. The device is comprised of nuroaous components 
which win be mote fully described betow. The main body is 1 which supports 
the various mechanical end electrical compaseots housed within the device. 

The main body 1 comprises of an eloigned holloa cylindrical tube with 
openings at bosh ends. T&£ tasctng member ^tfh^ 

25 is cabbie of being reacted or deptoyed so that it can protrude beyond the end 
of the main body lis positioned at ore eel Ike maia% tabs 31 protrcde from 
the skfes of main fattSy 1. The la^i^memb^^isgiKrdedby being 
withdrawn into the tube 3§ wtercb is part of the disposiMe 33. The tubs 35 acts 
as the lancing guide and tanca guard. The disposable 33 is attached to the 

3) main body 1 so that it is poskocaed at the appropriate bcatioa to guide the 
lancet and is t^ld in place by the dispossbb damp 3. The striker 35 is 

-29- 


BEST AVAILABLE COPY 


woman kwswww 

projected so as to drive the lancet into the patient 41 by the spring 43 and the 
arming plunger assembly 36. The aiming ptongcr is locked in place by a cam 
45 and trigger 47. A double stop return spring 49 is iocaed and sized to return 
the lancet 31 back into the tube 35. 

S The double stop return springs 49 provide a medumism after activation 

to puD die needle back out of the woand to permit Mood 61 accumulation. 
When the skin is pierced the secondary springs 49 retract the needle from the 
wound and initiate the stimulation ring 25 oscillation system to force blood 
flow to the wound. The cam 55 oscillates the oscillator ring 57 which transmits 

10 the motion to stimulation ring 25. The stimulator ring can oscillate in the 
preferred raage of 1 to 5 mm The frequency can vary froroS to lOOOcydes 
per minute m the preferred embodiment The oscillation of the stimulator ring 
25 is driven by the motor 51. H* battery 56 provides energy to tun the motor 
51 which oscillates the stimulator ring 25 to pump the blood 61 from the 

15 surrounding capillaries in the skin into the wound. Each down stroke of the 
stimulator ring 25 compresses the stimulator spring 53 which provides the return 
motion for the stimulator ring 25. The disposable test strip 83 is then lowered 
onto the Mood bead usmg a secondary motion spring 74 that is released by a 
secondary motion trigger 75. and suction of the blood initiated Hie blood is 

20 absorbed by the disposable chemical strip S3 which has been manufactured into 
the disposable 33. The strip is then read in place by a mffliampfor millivolt 
sensing dectroiucs depending on the specific chemistry of the test strip. This 
reading is converted into a chemical concentration by the onboard dectronics 
and displayed on the LCD on the side of the device. 

25 The stop and adjustment tabs 19 control the depth of penetration of the 

lancet 30 so that the optima! depth of penetration is reached for a particular 
sample site. 

Figures 16 and 17 Otastraie an integration of the minimally invasive 
sampling device with a chemical lest measurement, such as for glucose, using 
30 a disposable piercing apparatus 33, a reusable sampling device 1, a deposable 
^ absorbent test strip 83 capable of providing semiquantitative cokmmetric results. 
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Tte devtce is comprised of fluaeoms ccnapaosms e?bieb ^Hll tsose )T@0y 
described bslo??. The nein body is ! which supports fie various Eachsiical 
and electrical corapoaeats housed wiftia &e &vice. 

The mam body I comprises of an elongated hollow cylindrical tubs with 

S openings at both eeds. The lading member 38 whicb is pert of disposable 33 
Is capabJe of being t&wsted or deployed so to it can protrude beyond the end 
of the man body 1 is positioned at ose eed. Ihe anmag tabs 37 prosnwb from 
the sides of nam body L The lancing member 29 is guarded by being 
wftb&awa into the tube 3S whtcb is psa of the disposable 33. The tube 31 acts 

10 as the lancing guide and lancet guard. The disposable 33 is Etached to the 
main tody 1 so thai it is positioned 23 the appropriate location to guide the 
lancet 2nd is held in place by the disposable damp 3. The striker 39 is 
projected so as to drive the lancet into the pment 41 by the spring 33 and the 
arnung plunger assembly 35. The erming phmger is locked in place by a cam 

IS 45 and trigger 47, A double stop return spring 49 is located and sized to return 
the lancet 38 teck ifito the tube 3S. 

The double stop return springs 49 provide a mechanism after activation 
to pull the needle baft out of the wound to psmit blood 61 accomufetion. 
When the dun is pierced the secondary springs 49 ream the needle from the 

20 wound and initiate the simulation ring 25 oscillation system to force blood 
flow to the wound. The cam S3 oscillates the oscillator ring §7 which transmits 
the motion to stimulation ring 25. The stimulator ring can oscillate in the 
preferred range of t to 5 ram. The frequency m vary from 20 to 2C0 cycles 
per imnute in the preferred emtadimest. The oscillation of the stimulator ring 

25 25 is driven by die motor SL The battery 56 provides e&ergy to ran the motor 
SI which oscillates the sainmbor rag 25 to pomp the Hood 61 fa® the 
surrounding capillaries in the skin into the wound Each down stn&e of the 
stimulator ring 25 compresses the airaalasor spring S3 which pnmdes the return 
motion for the stimulator ring 25. Ihe disposable chemical strip 83 is then 

30 lowered onto the blood bead using a secondary motion spring 74 dial is released 
by a secondary motion trigger 75, cod suction of the blood initiated. The blood 
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b absorbed by the disposable chemical strip 83. Tie snip is then removed and 
read by the patient. 

Hie stop and adjustment tabs 19 control the depth of penetration of the 
lancet 30 so thai the optima 
S sample site. 

figure IB illustrates an integration of the minimally invasive sampling 
device using a disposable piercing, stimulating and puncture depth adjustment 
apparatus 92. The device can assume any of the configurations described by 
tins invention. This modification replaces items 19, 30, 72, 25, 3 on a typical 
10 reusabte sampling device such as Figure 11. Tbe&posable unit can 

incorporate a test strip, a sample container, an electrical sensing unit* or otter 
testing or sampling component 

Figure I9A shows the concept of a dnal alternating stimulation ring 
system. Hie secondary stimulation ring 120 alienates ifs position 180 degrees 
15 out of phase of stimulation ring 25. Tins creates a peristaltic pumping action on 
the capillaries adjacent to the wound. This device can be used with any 
embodiment to increase the blood flow, link 121 contacts the two rings with 
body 1. The peristaltic pumping results in squeeamg the body fluid to the 
wound by massaging the fluid inward towards the wound. 
20 Figure I9B shows the concept of concentric collapsing stimulation ring. 

In this embodiment the inner ring 25 contacts the skin after the ootcr ring 12». 
Spring 299 provides resistance and sequencing so that the outer ring 120 
contacts the skin prior to inner ring 25. This stjueeas the body fluid to the 
wound by massaging the fluid inward towards the wound. 
25 In an alternate embodiment ring 25 can abo function as the sample 

collection tube after lancing needle 16 is retracted. 

In another alternate embocfitnent compressed gas pulses can be applied in 
the annular spaces between housing I and ring 120 and/or between ring 120 and 
ring 25 to m«say the skin and stimulate bkri Such action by 
30 compressed gas pulses can be used instead of or in combination with the 
movement of ring 120 or other stimulation members. 
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Figure 2QA illustrates a tell shape cspiliary tube ISO which is used to 
capaare a sample of tody fluid. Th2 bD Aapsc^Itey Bshaf^iofitarouad 
the drop and h is drawn up th2 tubs BBtfl ii resches the bulb 1S1. Tins assist in 
assuring to edequate sample Jffi is drawn and the bulb RSlIbrea&s the 
5 capilfesy acikm. The sample ES2 is dispsssed by compressing the bulb ISh 
The capilky can be heated to increase fc draw of the ciliary tube and the 
speed of the sample collection 

figure 20B and 20C show en ohemstive method where the sample 11S2 
is wicked up the tube ISO and the tube b inverted so that the sample can by 
10 transferred to a absorbent test pad 1§3. 

figure 20D shows a strait capillary M where the sample 1S2 is wicked 
up the tube 310 and is transferal to the absorbent tea pad IS by capillary 
action of the pad. 

Hte tote shown in 2QA. 20B, 2CC, and 20D can be modified with a 
IS surfactant to increase the ability to wick up the bodily fluid. 

Figure 21 itharates a device where the oscillation ring 139 is fwturedto 
disposable damp 3 to oscillate the needle 33 to stimulate the wound and hold it 
open so thai it doss not dose around the wcand. In addition a healed ring 135 
csi be used to increase the capillary soluree to stimulate bleed flow. 
20 Figure 22A stows a emltipte needle lancing device which is used to 

cause multiple wcands to increase sample she. The multiple needles are of 
sufficient sise and length to minimize the pdn sensation and still generate 
adequate sample sise. 

Figure 22B shows a bolder single lancet which is used to cause multiple 
25 wounds to increase sample size. 

Figure 22C and 22D stows a die cut feet which has snail multiple 
barbs formed in it which is used to cause multiple wounds to increase sample 
size. The multiple teibs are of sufficient size and teagth to minimise the pain 
sensation and still generate adequate sample size. 
30 Hie kneing device of Figures 22A through 22D m be used in the 

sampling devices disclosed herein. 
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WcQairo: 

t. A devke for obtaining a sample of body fluid through ihe skin 
comprising: 

a boosing member suitable for use and adapted to contain a 
S needle for piercing the skim 

a spring member in the boosing for urging tbe needle to protrude 
from the end of the housing sufficient to penetrate the skin; 

a plunger member for retracting the needle against the spring 
tension and a trigger member to engage the plunger to hold the needle 
10 retracted until released by the trigger, 

a stop member to limit the depth of needle penetration of the skin 
when released by the trigger. 

a sample container communicating with the needle for receiving 
the sample from the needle; and 
15 a second spring for retracting the needle from the skin and a 

suction cam and plunger activated upon the retraction of the needle for 
drawing the sample of fluid which accumulates on the surface of tbe skin 
into die sample container. 

1 A device according to claim 1 comprising a skin stimulation 
20 member for contacting and massaging the skin: 

a skin stimulation member for contacting and massaging the skin; 
an oscillation system for oscillating the skin stimulation member 

and 

a spring and actuator member adapted for activating the 
25 oscillation system upon retraction of the needle from the skin. 

3. A device according to claim 2 comprising: 

an actuator to deploy the stimulation member in the down 
position before needle penetration of the skin for holding the skin taut 
and for providing accurate depth control of needle penetration. 


4. A derioe according to dairas 1, 2 ox 3 comjmsing: 

an actuator system for cyclic movement of die needle in the 
vertical or horizontal direction while the csedle fc inserted imo the skin. 

3. A device for obtaining a sample of body fluid through the skin 
5 comprising: 

a hoasng member adsp&d to ccatsin a needle for piercing the 

skin; 

a dri ve means in the housing for nrpag the needle to protrude 
from the end of die housing axfTtcfcm to penetrate the stein; 
10 a step member to limit the depth of needle penetration into the 

skin by the device means; 

a sample container communicating with the needle for receiving 
the sunpk from the needle; 

means for retracting the needle from the skin: and 
IS means for drawing the sample of fluid which accumulates on the 

surface of the skin into the simple container upon needle retraction. 

6. A device according to claim S further comprising a shin 
stimulation member for contacting and massaging the skin ^ the point of needle 
pierce; 

20 a skin stimulation member for contacting aad massaging the skin; 

an oscillation system for oscillating the skin stimulation member, 

and 

o spring and acts&or member adapted for activating the 
oscQBation system upon retraction of the needle from be skin 

25 7. A device scccnJing Co claim 6 farther comprising a spring ami 

actuator member adapted for activating the oscillation system upon retraction of 
the needle from the skin. 

\ 
j 
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8. A device for obtaining i sample of body fluid through the skin 
comprising 

a housing member suitable for hand beM use and adapted to 
contain a member or system for piercing the skin; 
5 a sample collection tube positioned to collect a sample of fond 

emerging bom the pierced skiiu and 

an actuator for causing the member or system to pierce the skin. 

9. A device according to claim 8 wherein the system for piercing the 
skin comprises laser system or a fluid under pressure directed to pierce the skin. 

10 10. A device acconfiag to claim 8 wherein the member for piercing 

the skin comprises a needle positioned adjacent the aid of the tube and driving 
member for urging the needle into the skin and a second member for retracting 
the needle from the skin. 

It. A device according to claim 10 wherein the tube is a 
IS muhichambered tube containing in one chamber a needle and adapted for 
receiving the sample in a second chamber. 

11 A device according to claims 8, 9, 10 or 1 1 comprising a pump 
system for pulling ihc fhod sampfc into the 

13. A multichambered tube for use in a body fond sampling device 
20 for obtaining a sample of fluid through the skin comprising: 

one chamber in the tube containing a needle adapted for piercing 
the skin; and 

a second chartber in the tube adapted for receiving a sample of 
fluid from (be pierced skin. 
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14. A device for coltectraB a sarejfe of body fhrid from a woud in 
tte slrio comprising: 

a housing Btsnto sjitable for use containing a chsmter for 
collecting a simple of fbcd emerging from the wound: and 
5 a stun suraitekm member rsovably posmcaed at ite end cf the 

housing member lor contacting a massaging the skin near the wowed to 
ssimulaie te flow of fluid to and cat of the wound. 

15. A device accniing to daim 14 wherein a stimulation member is 
positioned between the chamber and the hcasing and is adapted to tetescopkally 

10 extend from the hearing to contact the skin aad pimp the body fluid to the 
wound. 

16. A device acc&ding to claim IS wherein the stimulation member 
is adapted to increase the opening of the wound aid enhance fluid flow from the 
wound. 


15 17. a device according to claim IS wherein the stimulation member 

is adapted to strote the rftin toward the wcaitd to enhance fluid flow from the 
wound. 

18. A device according to claim 2, 6 or 14 wherein the stimulation 
member comprises a polygon, stp&e, circular or annuls Aape, a paddle or 

20 squeegee member, a system for employing a fluid under pressure to cca&ct end 
stimulate die skin, or a fluid contained in a flexible membrane for contacting 
and stimulating the sick 

19. A needle far piercing &e shin composing a hollow tube having a 
pointed spade protrusion extending substantially longitudinally from a portion of 

25 one side of the end of the tube. 
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20. A needle according to claim 19 wherein the spade portion is 
angled toward the center line of the tube. 

21. A needle having an angled or beveled tip for piercing the don 
comprising a hollow tube wherein the hrngtorinal passageway in the tube is 

5 eccentrically 4oc*ed in the tube. 

22. A device for use in a body fluid sampling device for obtaining a 
sample through the skin comprising: 

a standoff menta adapted for contacting the skin; 
a sample collection tube positioned in the standoff member for 
10 receiving the fluid sample; 

a lancet member movably positioned in the standoff member 
adjacent to the tube for piercing the skin; and 

electrodes positioned in (he standoff member adapted for 
connection to a sensor to sense the presence of fluid within the standoff 
IS member. 

23. The device of dahn 22 further comprising electrodes positioned 
m the collection tube for connection to a sensor to sense the presence and 
amount of Ibid within the collection tube. 

24. A device according to daims 1,5, 8, 13, 14, 20 or 22 further 
20 comprising: 

an insgral tet unit for testing the sample. 

24. A device according to claim 23 wherein the ted unit comprises a 
colorimetric test unit or an electrochemical test unit 

25. A device of cUrns 1. 5, 8, 13* 14. or 22 adapted to receive a test 
25 ^device unit which absorbs the sample from (he wound site, 
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2& A body fluid collection device comprising a csplS^y mte flared 
03 0E2 end for costccting the sCrin sad having a soctma member positioned oa 
the opposite estd. 

27. A device according to dam 26 farther comprising a teg strip on 
5 whkh the {hid sample es deposited fans the capillary tube. 

28. A device foruse ia a body fluid sampling device for obtaining a 
sample through the skin comprising: 

an elongated holder member having a plurality of passageways 
extending longitudinally through the member, and 
10 tenet members positioned in satd passageways and adapted for 

creating a plurality of wounds in the skin when contested with the skin. 

29. A device for use in a body fluid sampling device for obtaining a 
sample through the stein comprising: 

a plate member having a plurality of sharp protrusion extending 
15 from one side of the (date member adapted for creating a plurality of 

wands in the skin when contacted with the skin. 

30. A device according to claims 2. 6 or 14 wherein the stimulation 
snemher or syfiem comprises a flat spiral spring, ultrasonic action, piezoelectric 
action, testing, friction or vibration. 

20 31. A lancing device for piercing the skis comprising multiple 

teeing mestas formed from needles or barfe. 

31 A method of colkc&Bg a sample of body fluid which includes 
piercing the sfrin; 
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mechanically stimulating the wound created by piercing ihc dan: 
collecting the sample which lesuhs from the stimulating; and 
dispensing the sample. 

33. A device according to chim 4 wherein the activator system 
S comprises ultrasonic, piezoelectric mechanical or electrical action 

34. A<kvkeacco«fingtochiras1,5,8 ( 13, 14 or 22 further 
comprising a system for injecting a material into the skin. 

35. A device acconfing to claims 1, 5, 13, 14 or 22 further 
comprising suction means for pulling a sample into (he needle, tube or chamber. 

10 36. A device according to claims 1, 5, 8, 13, 25. 22, 28. 29 or 31 

wherein the needle, the system for piercing the skin or lancet member is adapted, 
to pierce the skin at an angle less than 90*. 

37. A device according to claim 36 adapted to stimulate the skin prior 
to or during the prirring the skin. 

15 38. A device according to claims 1 5 t 8, 13. 14, 22, 28. 29 or 31 

wherein the portion of the device which pierces the skin and the portion of the 
device which collects or contains the sample are disposable units. 

39. Acfeviceaccofdbgto(^l,S l S,13J4.22,28,29or3l 
wherein the portion of the device which pierces the don is adapted to oscillate 
20 while inserted into the skin which oscillation is by vertical, horizontal, rotation 
orcyefe movement 

40l A device acconfing to claims 1, 3, 8, 13, 14 or 22 further 
comprising a system for imposing an dectric potential across the skin from a 
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poiat distant from tbe wound in the iin to a point near or on the wound in the 
stun. 

4K A (fe^nce according to claims 1,5.8, 13. 14 or 22 comprising a 
system to measure the volume of the sampfcs collected. 

5 42. A device accotdiig to claim 41 wherrin the measuring system is 

adapted to step the sample collection 21 3 predetermined volume of sample, 

43. A device acconfiog to claims 1, 5, 8. 13. 14 V 22 or 26 wherein the 
sample container or sample collection tube comprises a material having an 
affinity for the sample fluid sufficiently high to collect the fluid sample from the 

10 surface of the skin tmt sufficiently lour to allow the fluid sample to wick from 
the container or tsbe when placed is contact with a test strip or device having 
an affinity for the fluid sample higher than that of the container or tube. 

44. A method of collecting a sample of body fluid comprising: 
piercing the stun with a byjmdeomic needle; 

IS withdrawing the needle from the Sin; 

massaging an area adjacent the wcasd; and . 
collecting a sample of fluid from the surface of the skin into the 
hypodermic needle. 

43. A metthed for coHectica a sample of a body fluid comprising: 
20 mechanically massaging a stun sea; 

piercing the skin to aeete a vtobeuI; 

mechanically massaging a stria sea adjacent the wand; and 

coKeoing a fluid sample from the wand or the surface of the stun. 

46. A method according to claim 45 comprising inserting a device to 
23 pierce the Sin and oscillating the device in the woani 
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